Intercontinental dislocations between tropical regions harboring two-thirds of the flowering plants have always drawn attention from taxonomists and bio-geographers. The focus had always been on woody land plants rather than on herbs. Orchidaceae is one such family belonging to angiosperms, with an herbaceous habit and high species diversity in the tropics. Here, we investigate the evolutionary and bio-geographical history of the genus Cymbidium, which represents a monophyletic subfamily (Epidendroideae) of the orchids and comprises 50 odd species that are disjunctly distributed in tropical to temperate regions. A relatively well-resolved and highly supported phylogeny of Cymbidiums was reconstructed based on sequence analyses of internal transcribed spacer (ITS2) regions and maturaseK (matK) from the chloroplast region available on the public domain in GenBank at NCBI. Crassulacean acid metabolism (CAM) is one of the photosynthetic pathways regarded as adaptation to water stress in land plants. Hardly any information exists on correlations among the level of CAM activity, habitat, life form, and phylogenetic relationship of a plant group from an evolutionary perspective. This study examines a genus level analyses by integrating ITS and matK data to all fossil data available on orchids in a molecular Bayesian relaxed clock employed in BEAST and assessed divergence times for the genus Cymbidium with a focus on evolutionary plasticity of photosynthetic characters. Our study has enabled age estimations for the genus Cymbidum (12Ma) for the first time using BEAST by addition of previously analyzed two internal calibration points.
Introduction:
Intercontinental dislocations between tropical regions harboring two-thirds of the flowering plants have always drawn attention from taxonomists and biogeographers. The focus had always been on woody land plants rather than on herbs. Orchidaceae is one such family belonging to angiosperms, with a herbaceous habit and a high species diversity in the tropics. Cymbidium Sw. is a popular group of orchids including some 50 species and possess 2 and nutrients. In addition to this three different life forms (terrestrial, epiphytic, and lithophytic) and two feeding properties (autotrophic and mycoheterotrophic) have developed within the genus under these environmental regimes. These facts indicate that ecological and physiological characteristics are also diverse within this genus.
Cymbidium orchids were among the earliest to be cultivated, especially in China.
Though they are not widely cultivated, Cymbidium hybrids lend themselves to cultivation; commercially important hybrids have been produced for over hundred years and make excellent ornamental and pot plants for which they have been the subject of taxonomic studies and species identification. Traditionally, the species taxonomy and cultivars identification of the genus Cymbidium was entirely based on morphological traits which is al., 2007) to as much as ~110 Ma (Janssen and Bremer, 2004) . A correct time estimation is essential for our understanding of the mechanisms underlying the diversification of orchids, and Cymbidium could significantly contribute towards evolutionary studies owing to its genetic diversity -such as significant increases in speciation rates that may temporally correlate to climatic changes, tectonic events, or radiation of pollinators etc.
Molecular dating of the Orchidaceae has been really challenging due the complete absence of reliable orchid fossils and a recent study by Ramirez et al., (2007) hints at a [15] [16] [17] [18] [19] [20] Ma fossil of an extinct stingless bee (Proplebeia dominicana), covered with pollinia from an orchid species belonging to the subtribe Goodyerinae, that helped temporal calibration of the family. The fossil is used as an internal calibration point, and departing from a phylogenetic tree obtained from the analysis of plastid DNA sequences (matK and rbcL), Ramirez et al. Till date there have been no studies on the age estimation of Asian and South East Asian orchids. The use of DNA sequences to estimate the timing of evolutionary events is increasingly becoming popular. The idea of dating evolutionary divergences using calibrated sequence differences was first postulated in 1965 by Zuckerkandl and Pauling (1965) highlighting the fact that the amount of difference between the DNA molecules of two species is a function of the time since their evolutionary separation. Several dating techniques based on molecular sequence data have been employed across different taxonomic levels, e.g. 2. Phylogeographic inference of Asian Cymbidium in continuous space with a focus on evolutionary correlation with CAM related activity using Bayesian Evolutionary Analysis Utility (BEAUti) and BEAST (Drummond et al., 2012) .
Materials and Methods: Taxon Sampling and Sequence Analysis
The present study comprised two datasets; one 33 matK and 42 ITS (5.8s, ITS1 and ITS2) sequences from Cymbidium, Dendrobium, Earina and Goodyera species and one accession from Gramtophyllum speciosum retrieved from GenBank (Benson et al., 2011) Cymbidium species and two Cymbidium species from UK and Florida to serve as outgroups for phylogeography inference in a continuous space using BEAUti and BEAST (Drummond et al., 2012) . In GenBank, the country field varies in terms of granularity such as some entries have just a country while other entries are much more detailed. The lat_lon field indicates the latitude and longitude coordinate for the location. A GenBank record can include a lat_lon field with or without the country field. In order to identify which records had a sufficient level of geography, all the Cymbidium ITS2 sequence entries were retrieved and queries filtered down to just those that had sufficient geographic information viz. location and coordinate values. The results were split into categories based on the contents of the 'country' and 'lat_lon' fields (having either or both fields). States and provinces in GeoNames are 1st-level administrative boundaries (ADM1), while countries (ADM2), municipalities, and towns have a different administrative code. For this study, we considered any geographical boundary below ADM1 (except for regions) to be sufficient and relied on literature survey for coordinate values. Information on all the species along with GenBank accessions of both the datasets is summarized in Table 1 . Sequences were aligned with default option L-INS-I in MAFFT v.6.717b (Katoh and Toh, 2008) and assume that there is one alignable domain that is flanked by difficult to align residues. Each DNA region was aligned individually and poorly aligned regions (characters with more than 50% gaps) were excluded from the analyses with GBLOCKS 0.91b (Catresana, 2000) . Congruence Among Distance Matrices (CADM) test was conducted to test the congruence of datasets by using Kendall's W statistic (Leigh et al., 2011) . We created a smaller dataset that contained only corresponding to the resulting age estimate for the 'Higher Epidendroids' based on literature survey. A Yule prior was used to construct the tree and the ucld.mean was adjusted to a uniform prior of 10-0.000001 to reflect reasonable substitution rates per site for plants. In BEAUti, an XML file was generated (Additional file 2) and subsequently two independent runs for each prior setting (uniform and exponential/lognormal) were done in BEAST with 100 million generations. Further details about parameters and prior settings are given in Table 2 . All resulting trees were then combined with LogCombiner v1.5.3 (Drummond et al., 2012) , with a burn-in of 25%. A maximum credibility tree was then produced using TreeAnnotator v1.5.3 (Drummond et al., 2012) , and subsequently visualized.
Phylogeographic Inference In Continuous Space
The second dataset that comprised only the ITS2 sequences for Asian Cymbidium with known CAM activity designated as weak CAM, strong CAM and C3 was aligned in clustal w (Thompson et al., 1994) and imported into mesquite for generating nexus formatted file that in turn was run in BEAUti v1.7.3. The location data as well as the approximate sampling dates for the sequence data were mined from GenBank records and incorporated into BEAUti using the 'Tips' tab. In the Traits tab, a LatLong.txt tab-delimited file for the Cymbidium location data was incorporated into BEAUti v. 1.7.3. The HKY substitution model for the nucleotide data was kept default, base frequencies were set to 'Empirical', and 'use Gamma-distributed rate variation among sites'. The location partition in the Substitution model window was kept with the default Homogenous Brownian model. A Lognormal relaxed molecular clock (Uncorrelated) model was selected and the Rate (initial value) was set to 0.001. Bayesian skyride model was choosen as a flexible demographic tree prior (Coalescent: GMRF Bayesian Skyride) with the default random starting tree. In the Priors tab, the ucld.mean prior was set to a gamma distribution with shape = 0.001 and scale = 1000. In the MCMC tab, the chain length was adjusted to 100,000 and both the sampling frequencies to 100. An additional statistics block (treeDispersionStatistic) was appended in trees were converted to KML and these trees were projected through time onto a virtual globe using Google Earth at http://earth.google.com.
Results

Phylogenetic Analyses
The CADM test indicated that the individual gene regions are congruent and yielded a from literature survey). Three species namely C. bicolor (strong CAM), C. finlaysonianum and C. rectum clustered into a separate group suggesting CAM plasticity among the various species with an indication of transition from weak CAM to strong CAM enabling the group to advance to tropical lowland thereby enabling them to withstand the harsh and extreme climatic conditions. The stem group included two sub monophyletic groupings of the genera Goodyera, Dendrobium and Earina. The outgroup Gramatophyllum speciosum which is a weak CAM supports earlier studies on photosynthetic traits in orchids that suggests weak CAM to be the ancestral state of the genus Cymbidium.
Age estimation and Phylogeographic Inference
The maximum credibility tree for the calibrated relaxed molecular clock analysis of the genus Cymbidium, using two internal calibration points (15) (16) (17) (18) (19) (20) The phylogeographic tree with divergence rate variation among lineages is depicted in the summarized MCC tree for the homogenous model using a color annotation (Figure 4 ). All the Asian Cymbidium species formed a monophyletic group with three sub clades displaying the three photosynthetic traits viz. weak CAM, strong CAM and C3 dispersed among the taxa. G. speciosum from Florida emerged as the outgroup with a weak CAM trait. C. finlaysonianum and C. madidum with strong CAM and weak CAM traits respectively shared the common ancestor implying a probable transition of weak CAM to strong CAM. The posterior probability density was estimated to calculate the dispersion rate of the Asian Cymbidium species with a mean value of 429.36, a 95% HPD lower bound of 149.42 and 95% HPD upper bound of 728.96 ( Figure 5 ). The annotated MCC tree file was imported to SPREAD and the generated KML files were read in Google earth for the visual display of the annotated MCC tree in continuous space ( Figure 6 ).
Discussion
As sequences from multiple species flooded the public domains in late 70s it became apparent that a clock is not always a good model for the process of molecular evolution (Langley and Fitch, 1974) . Variation in nucleotide substitution rates, both along a lineage and between different lineages, is known to be ubiquitous and several reasons hypothesize these deviations from the clock-like model of sequence evolution viz.; i) generation time: a lineage with shorter generation time accelerates the clock in the process of accumulation and fixation of new mutations in genetic recombination events (Ohta, 2002) , ii) metabolic rates: higher metabolic rates have increased rates of DNA synthesis and higher rates of nucleotide mutations (Gillooly et al., 2005) , iii) mutation rate: differences in the species-characteristic fidelity of the DNA replication or DNA repair machinery (Ota and Penny, 2003) ; and iv) effect of effective population size on the rate of fixation of mutations (Ohta, 2002) . Hence, it is worth testing the molecular sequence data for rate heterogeneity or the relaxed clock 
Phylogeographic Inference
We reconstructed the evolution of photosynthetic characters mapping on a robust ancestral states estimation highlighting the migration paths along the branches (Lemey et al., 2009 ). These studies heavily rely on geographical information in their analysis and phylogeography. The amount of geographical information for a molecular sequence in GenBank is underreported in relation to the amount of data that actually exist thereby impeding proper phylogeography analyses. In the present study, the tips section in the BEAUti was fed with approximate sampling time of the Asian Cymbidium data in terms of years and months retrieved from the GenBank. There were three sub monophyletic groups with two strong CAM species along with one weak CAM (C. madidum sampled from UK) in the molecular phylogenetic tree (Figure 4 ). There can be two alternative scenarios on the evolution of strong CAM; one is to hypothesize the evolution to strong CAM and subsequent shifts to weak CAM and C3 photosynthesis and alternately to assume parallel evolution to strong CAM at the internode of the common ancestor of C. bicolor and C. finlaysonianum 
Conclusions
In the last few years molecular dating techniques have greatly improved offering novel opportunities to study the temporal evolution of taxa by fossil data calibration using sequence markers. But there can be concerns regarding the appropriateness and reliability of methodology and other parameters (taxon sampling, fossil calibrations, sequence markers).
This study has enabled age estimations for Asian Cymbidium (12Ma) for the first time using BEAST by addition of previously analyzed two internal calibration points. Our findings also suggest that the plasticity of photosynthetic character is evolutionarily important. It provides a noteworthy explanation for the fact that Cymbidium has been able to occupy ecological niches differing widely in the constitution of environmental factors. On the evolutionary time scale, this plasticity may also provide a genetic reservoir for radiation through changing climatic conditions. We have evaluated all the comments received and concluded that your paper Submission: 82 Title: Age estimation for the the genus Cymbidium (Orchidaceae: Epidendroideae) with implementation of fossil data calibration using molecular markers (ITS2 & matK) with a Bayesian relaxed clock implying phylogeographic inference in continuous space.
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